Somaesthetic temporal discrimination (STD) is the ability to perceive as separate two successive somaesthetic stimuli applied to the same or different parts of the body. Paired electrical stimuli were applied to the index finger, using different time-intervals, to study the STD threshold (STDT) in 84 normal subjects and 51 patients with focal cerebral lesions. Abnormal STDT values were found on the affected side ofpatients with a lesion of the primary somatosensory cortex, and internal capsulethalamus. Lesions which did not produce sensory impairment but caused abnormal STDT were located in the posterior parietal cortex, the head of the caudate nucleus, the putamen, the medial thalamus and the lenticular nucleus. somatosensory cortex (PSC). A "time-organising system" which Lies in the infericr parietal lobe and the bank of the superior temporal sulcus has also been implicated in the anatomical basis of STD.9
. A "time-organising system" which Lies in the infericr parietal lobe and the bank of the superior temporal sulcus has also been implicated in the anatomical basis of STD. 9 We have applied a simple test, using electrical stimulation of the index finger, to assess STD in a large number of untrained normal subjects of all ages and in patients with focal cerebral lesions.
Subjects and method Fifty one neurologically stable patients with focal cerebral lesions demonstrated by CT and MRI brain scan, with no evidence of any other disturbance of the peripheral or CNS, were studied and compared with 84 normal untrained subjects. The mean (SD) age was 54-2 (18) (range 24-87) for patients and 44 75 (19-7) (range 12-83) for controls. All subjects were in good general condition, with a normal level of consciousness and had no language difficulty at the time of the study. Patients with a gnostic defect, right-left confusion or dyscalculia were not included in the study.
Patients were divided according to the distribution of the lesions demonstrated by CT brain scan and the presence or absence of a sensory defect in the hands. The latter was defined as normal when patients had no error in any somaesthetic test applied to the limb; mild defect when minimal errors were detected in fine sensory tasks, that is, recognising different fabrics; severe defect when clear exteroceptive and propioceptive abnormalities were present but patients could still feel electrical stimulation with high stimulus intensity. The primary complex of the SEP was defined as normal when the three typical waves (N-20/P-25/N-33) were recorded on parietal electrodes with normal latency and amplitude; mild abnormality when the N-20 or P-25 waves were delayed by no longer than 5 In patients with a left cortical lesion (n = 13) mean (SD) STDT on the contralateral hand was 103-6 (167) ms (range and in patients with a right cortical lesion (n = 13) mean (SD) STDT Discussion Normal values for STDT in the upper limb varied from 10 to 40 ms in most studies. 8 11-13 Our results in normal subjects confirm previous findings. The technique applied in the study is easy to perform and the values obtained are fairly constant for the normal population. The time course of the peripheral nerve recovery curve does not explain STDT values because the amplitude of the sensory nerve action potential is 100% recovered for time-intervals of 5-10 ms.'415 Accordingly, a subject's inability to distinguish two stimuli with intervals above 10 ms must depend upon central sensory mechanisms.
In the only previous study of the STDT in patients with neurological disorders, Green et al8 found that peripheral nerve and posterior column lesions caused no abnormality in the STDT. Our results also indicate that the somatosensory cortex, when spared, can partially compensate for the defective arrival of cutaneous input. On the other hand, lesions of the PSC caused the greatest abnormality in the STDT, in keeping with the paramount role of this area in somaesthetic function. The great effect of posterior parietal cortex lesions on the STDT strongly suggests that this region is involved in the temporal perception and resolution of paired stimuli. This is not surprising since unicellular recording of neuronal responses in the posterior parietal cortex indicates that areas 5 and 7 are highly activated by joint and skin stimulation, particularly during discriminative tasks.'6 General requirements for normal temporal discrimination are that the subject is alert and capable of focusing attention on the stimulated limb, while ignoring other non-relevant stimuli, which may occur during the test. Sensory tasks requiring the subjects to direct their attention to a finger to detect threshold stimuli are associated with increased cerebral blood flow in the contralateral somatosensory cortex, but also in the posterior parietal region and prefrontal cortex."7 Growing evidence has accumulated on the specialised role of the right hemisphere in attention and intention related to external space. 8 19 The very abnormal STDT values in patients with parietal lesion could have been due not only to the critical role and areas 5 and 7 in somaesthetic processing, but because the lesion was in the right hemisphere in eight of the 1 1 patients. Conversely, no difference in STDT values for patients with right and left subcortical lesions was seen.
The high incidence of abnormal STDT in patients with basal ganglia and mediolateral thalamic lesions was totally unexpected, since these structures are primarily involved in motor control. 20 We do not believe that a nonspecific effect of the lesions included here could explain these results. In most patients the lesion consisted of infarction restricted to the putamen, caudate and thalamic nuclei and the study was conducted when the acute effect of the lesion had disappeared. Furthermore, neuroimaging in these patients show neither displacement nor collapse of the third ventricle which could compromise the somatosensory pathways. The main cortical output from the basal ganglia goes via the lateral thalamus to the SMA, which in turn projects heavily to the superior parietal lobe.202' Neuronal firing in prefrontal and premotor areas is enhanced during new cognitive tasks. 22 It is possible that basal ganglia and thalamic lesions could negatively influence the neuronal activity underlying the normal STDT by way of their projections to the SMA. The finding of an abnormal STDT in the only patient we were able to study with a bilateral SMA lesion agrees with this explanation, which nevertheless must be considered preliminary and subject to further testing.
Recently, Ivry and Keele23 reported an abnormal capacity of patients with lesions of the cerebellum to discriminate small changes in the time interval between two consecutive auditory tones. In addition, cerebellar patients showed a deficit in producing repetitive finger movements in accordance with an externally given rhythm. From these observations Ivry and Keele24 proposed that the cerebellum plays an essential timing function, not only related to motor control but also to perceptive and cognitive mechanisms. Our experience certainly indicates that integrity ofother brain structures is equally essential to guarantee normal time perception. Arguably, the brain areas whose integrity we have found necessary for normal STD are specific to the somatosensory modality, while the cerebellum could play a more general role in time perception. In Parkinson's disease, however, we have found a marked alteration of the TDT for somaesthetic visual and auditory stimuli without any primary sensory defect. 25 Thus we believe that the basal ganglia also has a general role in temporal discrimination across modalities.
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